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[001] PLANETARY TRANSMISSION, ESPECIALLY 

DUAL-CLUTCH PLANETARY TRANSMISSION 

[002] This application is a national stage completion of PCT/EP2005/002997 filed 

March 22. 2005 which claims priority from German Application Serial 
No. 10 2004 014 082.0 filed March 23. 2004. 

[003] FIELD OF THE INVENTION 

[004] The invention concerns a planetary transmission, especially a dual-clutch 

version in the manner of a planetary transmission with a plurality of planetary gear 
sets, with at least two frictional shifting elements and with a plurality of shape-fit, 
shifting devices. 

[005] BACKGROUND OF THE INVENTION 

[006] Step-wise automatic transmissions are known in the practice, these 

transmissions are constructed, at least in a planetary transmission design or as 
auxiliary transmissions. Step-wise automatic transmissions, constructed in 
accordance with planetary design, are equipped with hydro-dynamic torque 
converters as starting elements as well as with frictional shifting means so that, 
with this type of transmission, shifting can be carried out without an interruption in 
continuous traction. So that the motor torque in the drive string, which is to be 
conducted to the output drive shaft can be transferred by the frictional shifting 
element, it is necessary that these frictional elements are relatively large sized. 
In this case, however, the shifting element proves disadvantageous, since 
draw-power losses when towing or large losses in the disengaged state thereof 
occur. Since the frictional shifting elements are generally hydraulically operated, 
a large and complex hydraulic circuit with a hydraulic pumping system is necessary 
which, because of a pick-up capacity of the pump arrangement and by leakage 
losses, leads to a deterioration of the efficiency of the transmission. The draw- 
power losses can be reduced by the insertion of a substitution for the frictional 
shifting element. However, in such a case, the exchange of the gear stage would 
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then be, disadvantageously, carried out with the occurrence of traction 
interruptions. 

[007] In order to execute shifting, which is free of traction interruptions, with 

automatic step-wise transmissions, even of the auxiliary type, these, for example, 
must be constructed as the so-called dual-clutch transmissions. This type of 
transmission possesses two frictional shifting elements by which two power strings 
are shifted into the power flow or, alternately, may be shifted out of the power flow. 
In the two power strings, shape-fit, shifting element gear pairings of various ratios, 
have the capability of shifting "into" or "out of". In this case, the ratios of the 
power strings can then be adjusted or changed, if the currently employed power 
string is not precisely shifted into the power flow, but rather finds itself in a load- 
free condition. In the area of operating, shape-fit, shifting elements, in comparison 
to frictional shifting elements, there appears an essentially smaller torque so that 
lower losses occur and efficiency in a small transmission assembly is thereby 
enhanced. 

[008] The dual-clutch transmissions which are built in the auxiliary manner 

in comparison to the planetary transmissions, however, are characterized by a 
lower power density; on account of this, in a case of the same number of the gear 
steps, a demand for more construction room space is called for. However, 
especially where motor vehicles are concerned, such extra space is available only 
in severely restricted amounts. 

[009] Further, an effective degree of gear efficiency in an auxiliary transmission 

lies somewhat at the lower level of hand-shifting, which is caused by a known 
dual-spur, gear engagement. Contrary to this, planet gear transmissions possess 
an efficiency, which is dependent upon the currently involved gear set scheme. 
This is true especially in the principally used driving gears and the transmission 
efficiency is higher than in the case of a coaxially designed auxiliary transmission. 

[010] DE31 31 138A1 discloses a, planetary gear transmission with changeable 

load shiftings. This is intended for motor vehicles having automatic transmission 
control and a plurality of coupled planetary gear sets. The vehicles are known to 
also have shifting clutches and shifting brakes for the formation of drive strings with 
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different ratios in which only two shifting clutches which, for example, are installed 
on the motor drive shaft as load shifting clutches. These, as directed, transmit 
drive torque over two drive strings. The remaining shifting clutches and shifting 
brakes then can always be shifted, if they are not already included in the transfer 
of the torque. By an appropriate selection and arrangement of the coupled 
planetary gear sets, shifting clutches and shifting brakes in combination with the 
two load-shifting clutches, there arises a high multiple usage of the individual 
construction elements as well as a simple assembly with satisfactory ratios and a 
relatively high number of gear positions. 

[011] The known load-shifting, planetary transmission of DE 31 31 138 A1, 

however, possesses the disadvantage that its planetary gear sets are bound by 
stepped dual planetary gears, which are characterized by high manufacturing 
costs. These gears are also subject to off-axial deviations, which contribute to 
lessening the efficiency of the gear engagement of the planetary gear sets. 

[012] Hence, the present invention has the purpose of making a planetary 

transmission available with a high operational efficiency. 

[013] I n accord w i th th e i nv e nt i on, this purpos e i s ach ie v e d by a p l anetary *• 

transm i ssion with th e f e atur e s of pat e nt claim 1 or w i th th e f e atur e s of th e patent <©• 
ctaim z. ^ m 



[014] SUMMARY OF THE INVENTION 

[015] The invented planetary transmission possesses a plurality of planetary gear 

sets. The transmission has at least two frictional shifting elements for the 
attainment of various selections in power flow and possesses a plurality of 
shape-fit, shifting elements for the imposition of different gear ratio steps. Further, 
the frictional shifting elements and the shape-fit, shifting element are so inserted 
between the shafts of the planetary gear set and a housing as well as between a 
transmission input shaft and a transmission output drive shaft; that gear step 
change at least in one lower gear step range by the frictional shifting element can 
be carried out free of interruption in traction. In addition, at least one of the 
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frictional shifting elements is designed as a clutch. The assembly of the above is 
simple and economical in its manufacture. 

[016] The purpose is achieved in that a second planetary gear set, a third 

planetary gear set and fourth planetary gear set form a 3-planetary carrier-5 
shaft-transmission apparatus and the planetary gear set of the 3-carrier-5-shaft 
transmission apparatus is equipped with separate planetary gears in which 
comparison to stepped dual planetary gears, which sets are simpler and less 
expensive to manufacture. Additionally, with the separate planetary gears, 
a higher degree of transmission efficiency is achieved at an essentially lower 
construction expense than in the case of stepped dual planetary gear assemblies. 

[01 7] These mentioned advantages with regard to an alternative embodiment of 

the invented planetary transmission are gained in that a second planetary gear set, 
a third planetary gear set and a fourth planetary gear set combine to produce a 
reduced 3-carrier-5-shaft-transmission apparatus, wherein two of the aforesaid 
planetary gear sets are connected together by dual planetary gears without a 
mutual stepping occurrence. 

[018] Moreover, with the invented planetary transmission, hav i ng th e f e atures of 

pat e nt cla i m 1 or with th e f e atur e s of pat e nt claim 2, advantageous shifting or gear 
step changes, at least in the lower gear stepping range, i.e., the principal driving 
range, are free of interruptions to traction. Further, the values of transmission 
efficiency in the individual gear stages are carried out and are essentially above 
those of an auxiliary transmission. 

[019] This state is arrived at, in that the planetary transmission , as p e r claim 1 

er2 is constructed with a plurality of planetary gear sets, which are characterized 
by a favorable transmission efficiency. Additionally, in the planetary transmission, 
various ratio stages or gear stages are attained by the combination of individual 
shafts of the planetary gear sets and shape-fit, shifting elements which, 
in comparison to frictional shifting elements, are characterized by small slipping 
torques. 

[020] Additionally, two frictional shifting elements are provided, which allow that, 

alternately, by the shape-fit, shifting elements, shifting can be carried out into 
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power paths generated by the planetary transmission into the power flow or, 
conversely, can be shifted out of the power flow. This permits that those shape-fit, 
shifting elements arranged in a power train, which are not actually there in, can 
now be shifted. This shifting is without load and is a change from an already 
shifted into power path, which itself represents the current gear stage in the power 
flow of the planetary transmission. The change is a downshift to a power path 
which represents a new, higher or lower gear stage in which various shafts of the 
planetary gear sets bind themselves to one another or advantageously bind 
against a housing-affixed component. The shape-fit, shifting elements allow such 
cross-shifting to be carried out free of any break in traction. 

[021] In addition, the frictional shifting elements and the shape-fit, shifting 

elements, in the case of the planetary transmission , i n accord w i th cla i m 1 , are so 
arranged that different gear ratio stages can be attained in the planetary gear set, 
respectively, by a power path shifted into by a load-free frictional shifting element 
prior to the power flow of the respective planetary transmission. Subsequently the 
power path of the new gear stage is re-oriented into the power flow of the 
transmission by the closure of the disengaged frictional shifting elements. As this 
is carried out, the power path, which is actually within the power flow of the gear 
stage and is to be shifted out of, is diverted out of the power flow by the 
disengaging of the engaged frictional shifting element. 

[022] Immediately following the above, the power path of the downshifted gear 

stage is free of load, whereby now and the possibility exists of changing the gear 
ratio of the load-free power path of the respective planetary gear set by appropriate 
shifting of the shape-fit, shifting element. This, in turn, means that a shifting, 
which is free of traction interruption or a gear change free of traction interruption 
in an invented planetary gear set, can be carried out under load-free conditions in 
connection with a gear ratio change by a two-sided "in", "out" downshifting of the 
two frictional shifting elements. 

[023] Thus, the invented planetary gear set unites the advantages of a 

conventional planetary transmission. That is to say, a high power density with a 
simultaneously favorable transmission efficiency in combination with the 
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advantages of a dual-clutch transmission, which has been constructed in an 
auxiliary manner, wherein shiftings, which are free of traction interruptions, are 
carried out with low slip torques related to the shifting element. 

[024] BRIEF DESCRIPTION OF THE DRAWINGS 

[025] Advantag e ous dev e lopments of th e i nv e nt e d obj e ct ma y The invention will 

now be d e r i v e d from th e c l a i ms and from r e f e r e nc e to th e draw i ngs of e mbod i m e nt 
e xamp le s, described as to op e rationa l princip le s , by way of example, with 
reference to the accompanying drawings whereb y in th e d e scr i ption of th e diff e rent 
embodim e nt e xamp le s , for the sake of clarity, the same reference numb e rs 
numerals were used for the same; or for similarly functional components. 
Th e r e i s shown in :: 

[026] FIG. 1 is a schematic gear arrangement of an invented planetary 

transmission; 

[027] FIG. 2a is a schematic of the shifting elements of the gear arrangement of 

FIG. 1, which the arrangement is operated as a 6-gear stage transmission; 
[028] FIG. 2b is a schematic of the shifting elements of the gear arrangement of 

FIG. 1, which said arrangement is operated as a 7-gear stage transmission; 
[029] FIG. 2c is a schematic of the shifting elements of the gear arrangement of 

FIG. 1, which said arrangement is operated as an 8-gear stage transmission; 
[030] FIG. 3 is a gear schematic of an additional embodiment of the planetary 

transmission in accordance with the invention; 
[031] FIG. 4a is a schematic of the shifting element of the gear arrangement of 

FIG. 3, which is operated as a 6-gear stage transmission; 
[032] FIG. 4b is a schematic of the shifting element of the gear arrangement of 

FIG. 3, whereby the planetary transmission is operated as a 7-gear stage 

transmission; 

[033] FIG. 4c is a schematic of the shifting element of the gear arrangement of 

FIG. 3, whereby the planetary transmission is operated as an 8-gear stage 
transmission; 
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[034] FIG. 5 is an enlarged detail presentation characterizing the circle X as 

shown in FIGS. 1 and 3; 
[035] FIG. 5a is a drawing deviating from that of FIGS. 1 and 3 regarding the 

frictional shifting elements; 
[036] FIG. 5b is an additional possibility of an arrangement of the two frictional 

shifting elements of the planetary gear set 1 in accordance with FIGS. 1 and 3, 

whereby one of the frictional shifting elements is designed as a frictional brake, 

and 

[037] FIG. 6 is an enlarged detailed presentation, providing a more detailed view 

of the area Y of the FIGS. 1 and 3. 

[038] DETAILED DESCRIPTION OF THE INVENTION 

[039] In FIG. 1 is schematically presented a gear arrangement of a planetary 

transmission 1 , that is, of a dual-clutch transmission designed as a planetary 
transmission with four planetary gear sets P1 to P4, two frictional shifting 
elements K1 , K2 and with a plurality of shape-fit, shifting elements, namely A, B1 , 
B2, D, E1, E2 and F which are in conventional synchronization. Obviously, the 
shifting elements A to F can alternately be considered to be non-synchronized, 
shape-fit, shifting elements. 

[040] The frictional shifting elements K1 and K2 are provided for shiftings into 

various power paths in a power flow of the planetary transmission 1 . The shape-fit, 
shifting elements A to F are provided for the setting of various gear ratio stages in 
the power paths of the planetary transmission 1. Further, the frictional shift 
elements K1 and K2 as well as the shape-fit, elements A to F are placed in such 
a manner between the shafts of the planetary gear sets P1 to P4, and a housing, 
i.e., housing-affixed components 2 of the planetary transmission 1 and also a 
transmission input shaft 3 and a transmission output drive shaft 4, that gear stage 
changing by the frictional shifting elements K1 and K2 can be executed without 
interruption of traction. 

[041] The first planetary gear set P1 is presently installed as a simple planetary 

gear set, which plays the role of a preliminary gear set. Further, the second 
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planetary gear set P2, the third planetary gear set P3 and the fourth planetary gear 
set P4 form, in combination, one main gear train, which serves the purpose of a 
3-carrier-5-shaft gear set. In this arrangement, an internal gear HR2 of the second 
planetary gear set P2 is bound with an internal gear HR3 of the third planetary 
gear set P3. Additionally, a carrier ST2 of the second planetary gear set P2 is 
combined with a carrier ST3 of the third planetary gear set P3. 

[042] The internal gear HR3 of the third planetary gear set P3 is connected with 

a carrier ST4 of the fourth planetary gear set P4 which, in turn, is bound to rotate in 
common with the transmission output drive shaft 4 of the planetary transmission 1 . 
Further, a sun gear S3 of the third planetary gear set P3 is connected with a sun 
gear S4 of the fourth planetary gear set P4. «• 

[043] A sun gear S1 of the first planetary gear set P1 is presently anchored to the 

housing-affixed component 2 and is, on this account, not rotatable in the housing 
of the planetary transmission 1 . A planetary carrier ST1 of the first planetary gear 
set P1 can be connected with the transmission input shaft 3 by the second 
frictional shifting element K2. At the same time, an internal gear HR1 of the first 
planetary gear set P1 , by the shape-set, shifting element B2, can be connected to 
the sun gear S2 of the second planetary gear set P2 or by the shape-fit, shifting 
element E2 with the carrier ST2 of the second planetary gear set P2. Between the 
sun gears S1 to S4 and the internal gears HR1 to HR4 the four planetary gear sets 
rotate planetary gears PR1 to PR4, respectively, in a known way and manner. 

[044] The frictional shifting elements K1 and K2 are presently placed in the area 

of the transmission power entry of the planetary transmission 1 and are 
constructed as frictional, lamellar clutches whereby, adapting the frictional shifting 
elements K1 and K2 to be wither wet or dry running obviously lie in the educated 
judgment of the expert. 

[045] The shape-fit, shifting elements A to F are laid out in axial extension of the 

planetary transmission 1 between the first planetary gear set P1 and the second 
planetary gear set P2 and are made with a mutual synchronization so that possible 
existing speed of rotation differences between the two are compensated for by a 
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shape-fit, shifting element to connecting components of the planetary transmission 
1 in a simple manner. 

[046] The internal gear HR4 of the fourth planetary gear set P4 can be connected 

with the housing-affixed component 2 by the shape-fit, shifting element A. 
The carrier ST2 of the second planetary gear set P2 is, likewise, connected with 
the housing-affixed component 2 by the shape-fit, shifting element D. 

[047] The sun gear S2 of the second planetary gear set P2 can be connected with 

the internal gear HR1 of the first planetary gear set P1 by the shape-fit, shifting 
element B2, while the sun gear S2 of the second planetary gear set P2 can 
additionally be connected with the carrier ST3 of the third planetary gear set P3, 
at the same time, if the shape-fit, shifting element E2 is engaged along with the 
shape-fit, shifting element B2. 

[048] The sun gear S3 of the third planetary gear set P3 is connected with the 

transmission input shaft 3, providing both the shape-fit, shifting element B1 as well 
as the first frictional shifting element K1 is engaged. If the first frictional shifting 
element K1 and the shape-fit, shifting element F are engaged, then the 
transmission input shaft 3 is bound to the transmission output drive shaft 4. 

[049] The carrier ST1 of the first planetary gear set P1 stands in operational 

communion with the sun gear S3 of the third planetary gear set P3, if the shape-fit, 
shifting elements B1 and E2 and the two frictional shifting elements K1 and K2 are 
engaged. 

[050] In FIG. 1 , between the sun gear S2 of the second planetary gear set P2 and 

the shape-fit, shifting element B2, is to be found a dotted line enclosed area Y, 
which is represented in a detailed drawing FIG. 6 of a more closely described 
shape-fit, shifting element C of the planetary transmission, which can be optionally 
integrated into the planetary transmission 1. The additional shape-fit, shifting 
element C is provided for the illustration of an eighth forward gear stage whereby, 
without the shifting element C, in the planetary transmission 1 presented in FIG. 1 , 
six or seven forward gear stages and two reverse stages can be shown. 
The detailed shifting schematics, depicted in FIGS. 2a to 2c, again respectively 
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provide the common functionality between the individual gear ratio steps of the 
planetary transmission 1 and the shifting elements A to F. 

[051] The shifting schematics, shown on FIGS. 2a to 2c, are in the form of a table, 

in which the left column depicts the individual gear stages, namely "1", "2", "3", 
"4« « 5 « | » 6 « » 7 « " 8 « » Rr and " R2 ". Further, in the top row of the shifting scheme 
are placed the individual shifting elements K1 , K2, B1 , B2, E1 , E2, F, A, D and C, 
an efficiency designated eta of the planetary transmission 1, an overall ratio Lges 
of the planetary transmission 1 , all in the case of the currently set gear stage. 
Included as well in the last column is the stage jump, namely phi which, 
respectively is computed from a quotient of the values of two successively 
following overall ratios, i.e., Lges. 

[052] Those shifting elements of the planetary transmission 1 , which are engaged 

for the setting of a gear stage, are marked in the shifting schemes by a black dot, 
whereby those cells of the shifting schemes, where no black dot is to be found, 
indicate those shifting elements which are disengaged. 

[053] From the shifting schematic, in accordance with FIG. 2a, may be 

determined, for example in connection with the gear schematic presented in FIG. 1 
of the planetary transmission 1 , that for the setting of a first gear stage "1 ", i.e., the 
first total ratio Lges of the planetary transmission 1 , the shifting elements K1 , B1 
and A are engaged, in other words, have been shifted into. In this operational 
condition of the planetary transmission 1 , there occurs a through-passage of a 
drive torque of the engine of a motor vehicle, which has been introduced by the 
transmission input shaft 3 of the planetary transmission 1 through the sun gear S4 
(in succession), the planet gears PR4 and the internal gear HR4 of the fourth 
planetary gear set P3 to the carrier ST4 of the fourth planetary gear set P4, and 
from thence, further forwarded to the transmission output shaft 4. In this shifting 
state of the planetary transmission 1 , the drive torque of the transmission input 
shaft 3 is conducted through a power branch accessed by the first frictional shifting 
element K1 of the planetary transmission 1 in the direction of the transmission 
output shaft 4 of the vehicle. The total ratio Lges in the first gear stage "1 " of the 
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planetary transmission 1 possesses the value 4.2 and the planetary transmission 1 
will be operating with a transmission efficiency of approximately 0.985. 
[054] For the presentation of the second gear stage "2", the two shape-fit, shifting 

elements B2 and A, as well as the second frictional shifting element K2, 
are engaged whereby an efficiency of the planetary transmission of 0.961 is 
achieved and the total ratio i_ges runs at 2.596. Therewith, between the first gear 
stage "1" and the second gear stage "2" of the planetary transmission 1 exhibits 
a stage jump of 1 .62. 

[055] The up-shifting accomplished by the first gear stage "1" into the second 

gear stage "2" of the planetary transmission can be carried out in the planetary 
transmission 1, as shown in FIG. 1, without an interruption in the traction since, 
in the case of a corresponding shifting demand, first, the load-free shape-fit, 
shifting element B2, upon the disengaged second frictional shifting element K2, 
is engaged. Subsequently, the second frictional shifting element K2, 
advantageously corresponding to a self-actuated, superimposed shifting, is 
engaged by a slip phase while, simultaneously the first frictional shifting 
element K1, in a corresponding manner, is disengaged. As this operation 
proceeds, the transfer capabilities of the two frictional shifting elements K1 and K2 
are adjusted in such a manner by a control center of the planetary transmission 1 
(not further described), that the gear stage exchange is free of interruption of 
traction and can be carried out in complete comfort. 

[056] After the ending of the gear stage exchange, that is, of the up-shifting and 

after the power path has been previously shifted into by the second frictional 
shifting element K2, the drive torque of the transmission input shaft 3 is now 
transmitted through the power path of the planetary transmission 1 toward the 
transmission output shaft 4. Because of the disengaged first frictional shifting 
element K1, the load-free shifted, shape-fit, shifting element K1 can now be 
disengaged in a simple manner so that by the shape-fit, shifting element B1 no 
more torque can be transmitted. 

[057] If an additional demand for an up-shift is made with regard to the second 

gear stage "2" into the third gear stage "3" of the planetary transmission 1 , then the 
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load-free, shape-fit, shifting element E1 is engaged, which is allowed in a case of 
an disengaged frictional shifting element K1 . Subsequently, in the manner already 
explained, the transfer facility of the first frictional shifting element K1 is lifted and 
the transfer capability of the second frictional shifting element K2 is reduced so 
that the power path of the planetary transmission 1 , which was up-shifted into by 
the second frictional shifting element K2, is down-shifted and the power path now 
generated by the shape-fit, shifting element E1 in common with the shape-fit, 
shifting element A, is transferred by the first frictional shifting element K1 into the 
power-flow of the planetary transmission 1. Subsequently, in a case of an 
disengaged second frictional shifting element K2, the load-free shape-fit, shifting 
element B2 can be disengaged in a simple way and manner. 

[058] The additional gear stages "4", "5" and "6" of the planetary transmission 1 

can be free of traction interruptions, in a similar manner, by alternative up-shifting 
and down-shifting of the two frictional shifting elements K1 and K2. In this case, 
the shape-fit, shifting elements for the presentation of the gear stages "4", "5" 
. and "6" are engaged prior to the up-shifting of the respective power path and after 
the down-shifting of the gear stages to be so down-shifted, can be disengaged in 
a load-free condition. Moreover, all retro-shifting between the gear stages "1" 
to "6" can be carried out traction-free within the prescribed method. 

[059] The complete ratio i_ges carried out in the FIGS. 2a to 2c are attained with 

the planetary gear sets P1 to P4, with specified characteristic ratios. In this regard, 
the first planetary gear set P1 possesses a characteristic ratio i_0_P1 of -3.00. 
The second planetary gear set is made with a characteristic ratio of i_°_ P2 
of -2.20, while the characteristic ratios L0_P3and L0_P4, respectively, refer to the 
third and fourth planetary gear sets, namely P3 and/or P4 which have 
characteristic ratios of, again respectively, -3.16 and -3.2. 

[060] The shifting scheme presented in FIG. 2b shows, in comparison to the 

scheme of FIG. 2a, an additional forward gear stage "7". For the attainment of the 
seventh gear stage "7", the two frictional shifting elements K1 and K2, as well as 
the shape-fit, shifting elements B1 and E2, are engaged. This means that both the 
up-shift engendered by the sixth gear stage "6" into the seventh gear stage "7", as 
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well as the back shift out of the seventh gear stage "7" into the sixth gear stage "6" 
can only be done in company with an interruption in the traction in order to 
cross-over shift between the two shape-fit, shifting elements B1 and B2. 
The shiftings between the gear stages "1" to "6", which form a subordinate gear 
range of the main driving area, can be executed now as before without 
interruptions in the traction. 

[061] The shifting scheme in accordance with FIG. 2c exhibits, in comparison to 

shifting scheme 2b, still another forward gear stage, namely "8", which can be 
realized by the aforementioned shape-fit, shifting element C. 

[062] Relying on the respectively selected embodiment of the planetary 

transmission 1 , as set forth in the chosen operational manner of the planetary 
transmission 1, this possesses, as a 6-gear transmission, a total spread of 5.6; 
as a 7-gear transmission, the total spread is 6.04 and as an 8-gear transmission 
the spread becomes 8.15. 

[063] In FIG. 3 is an additional gear layout of the planetary transmission 1 , which 

differentiates itself from that of the gear scheme of FIG. 1 of the planetary 
transmission 1 particularly in the area of the principal gear set. The principal gear 
set formed from the second planetary gear set P2, the third planetary gear set P3 
and the fourth planetary gear set P4, as seen in FIG. 3, is designed as an 
assembled and reduced 3-carrier-5-shaft-gear train, wherein the internal gears, 
the planet gears and the carriers of the second and the third planetary gear sets, 
respectively, P2 and P3 are bound together, so that the second and the third 
planetary gear set P2 and P3 form themselves a planetary gear set P23. 
The planet gears PR2 and PR3 of the planetary gear set P2 and P3 are, in this 
embodiment, designed as long and stepless planetary gear set PR23, so that the 
assembly complexity in comparison to two separately made carrier units is 
increased by only one additional sun gear. Further, the internal gears HR2 
and HR3, as well as the carriers ST2 and ST3 of the second and the third 
planetary gear sets P2 and P3, respectively, form an integral unit, which is 
illustrated in FIG. 3 under the reference numbers HR23 and ST23. 



I 
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[064] In FIGS. 4a to 4c, three shifting schemes are shown corresponding with the 

gear scheme as depicted in FIG. 3, the layout of which shifting schemes 
corresponds to that of FIGS. 2a to 2c, whereby the characteristic ratio i_0_P1 
to i_0_P4 of the planetary sets P1 to P4 run -2.50, -2.00, -2.00 and 2.88. 

[065] The gear jumps phi between the first six forward gear stages "1" to "6" of 

the planetary transmission 1 in accordance with FIG. 3 present a geometric series <©• 
and the total ratios Lges of the forward gear stages "1" to "6", "1" to 7", or "1" 
to "8" of the planetary transmission 1^ in accordance with FIG. 3, are less than the 
total ratios Lges of the planetary transmission 1 , shown in FIG. 1 , whereby the 
shiftings between the gear stages "1" to "6" of the planetary transmission 1, 
per FIG. 3, can be carried out again free of traction interruptions in the same way 
and manner as in the case of the planetary transmission 1, according to FIG. 1 . 

[066] Both the execution of the planetary transmission 1, according to FIG. 1, 

as well as the embodiment example in accordance with FIG. 3, can be carried out 
without the shape-fit, shifting element F, whereby shiftings between the fourth gear 
stage "4" and the fifth gear stage "5" can be made only with interruption of the 
traction. 

[067] The circled area X of FIGS. 1 and 3 is shown enlarged in FIG. 5 whereby, 

the shape-fit, shifting elements F, B1 and E1 , which are serving as synchronizers, 
are presented in greater detail. The shifting elements F, B1 and E1 fundamentally 
possess a replication of conventional synchronization. Thus, a half-clutch F1 of 
the shifting element F, in connection with the transmission output shaft 4, by a 
axially moving synchronizing ring 5, which is built with a complementary cone 6 
and a blocking toothing 7, can be connected with a half-clutch K11 of the first 
frictional shifting element K1 . 

[068] To facilitate this, the synchronizer ring 5 by a shifting collar 8 has been 

inserted between the internal gear shape-fit, shifting HR1 of the first planetary 
transmission P1 and a connection shaft 9, which operates the main gear set of the 
planetary transmission 1, is first pressed against a counter cone 10 of the 
shifting element F, whereby a differing speed of rotation between the synchronizer 
ring 5 and the half-clutch F1 of the shape-fit, shifting element F is frictionally 
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compensated for. With an increasing displacement path of the synchronizer ring 5 
in the direction of the half-clutch F1 of the shifting element F, the difference in 
rotational speed is equalized and a blocking toothing 7 of the synchronizer ring 5 
is brought into engagement with an additional blocking toothing 11 of the 
half-clutch F1 of the shifting element F, so that between the synchronizer ring 5 
and the half-clutch F1 of the shifting element F, a mutual rotational connection 
exists. 

[069] The synchronizer ring 5, by tooth engagement at 12A, 12B, respectively, 

is affixed to mutually turn with the half-clutch K11 of the first frictional shifting 
element K1 and an additional synchronizer ring 13 to which the two shape-fit, 
shifting elements B1 and E1 are assigned, likewise, is turn-fast bound. 
The additional synchronizer ring 13, by an additional shifting collar 14, is arranged 
to be slidable, in such a manner, in an axial direction between the two shape-fit, 
shifting elements B1 and E1 , that the half-clutch K1 1 of the first frictional shifting 
element K1 can be bound either with the sun gears S3 and S4 of the third, i.e., the 
fourth planetary gear sets P3 and P4 or with the carrier ST2 and ST3 of the 
second, i.e., the third planet gear set P2 and P3. 

[070] In the course of the above, the connections between the additional 

synchronizer ring 13 and the shifting elements B1 and E1 can be made in the 
same manner by complementary cone surfaces 15A and 15B, as well as 16A 
and 16B and blocking toothing 17 and 18A and 18B. Shifting collars 8 and 14, 
which engage from the outside to the inside through the connection shaft 9 into the 
synchronizer rings 5 and 13, are in a load free condition and the two synchronizer 
rings 5 and 13 can be slidably moved for the "in" or "out" shifting of the shape-fit, 
shifting elements F, B1 and E1 in an axial extension of the planetary 
transmission 1. 

[071] In FIG. 5a, another possibility for the arrangement of the two frictional 

shifting elements K1 and K2 is shown, whereby the second frictional shifting 
element K2 is placed between the internal gear HR1 of the first planetary gear 
set P1 and the connection shaft 9. As pictured in the position shown in FIG. 5a, 
the second frictional shifting element K2 possesses the same predetermined 



I 
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functionality of the planetary transmission as in the case of the planetary 
transmission 1, depicted in FIGS. 1 and FIG. 3. «• 

[072] In FIG. 5b the second frictional shifting element K2 is designed as a brake, 

by which the sun gear S1 of the first planetary get set can be brought into 
operational contact with a housing-affixed component 2 of the planetary 
transmission 1 whereby, in the case of this embodiment example of the planetary 
transmission 1, likewise, through a dual-sided control of the two frictional shifting 
elements K1 and K2, the shiftings between the gear stages "1" to "6" can be 
carried out free of traction interruption. 

[073] Now referring to FIG. 6, the strongly emphasized circular area Y shown in 

FIGS. 1 and 3, in which the optional shape-fit, shifting element C is placed, 
is shown in an individual drawing. By the shape-fit, shifting element C, the sun 
gear S2 of the second planetary gear set P2 can be braked against the 
housing-affixed component 2, i.e., against the housing of the planetary 
transmission 1 and is mutually locked to turn therewith. In this case, with the 
engaged shifting element C of the planetary transmission 1 in accordance with 
FIG. 1 and in the planetary transmission 1 according to FIG. 3, respectively, 
the eighth forward gear stage "8" can be shown upon a simultaneously engaged 
shifting element E2 and K2. 

[074] In the case of all embodiment examples described and depicted, including 

the more detailed enlarged drawings of the invented planetary transmission, there 
exists a competent control system, advantageously, a mechanical control, of the 
shape-fit, shifting elements, to produce in the planetary transmission a conviction 
of such a nature, that the transmission shaft 4 is arrested in motion and an output 
drive of a vehicle in the area of the planetary transmission 1 is held in the non- 
rotatable condition. This would, for example, be attained in that the main gear set, 
by simultaneous closure of several shape-fit, shifting elements is blocked and can 
anchor itself against the housing of the transmission or against the housing-affixed 
component of the planetary transmission. Thus, it is possible that advantageously, 
the omission of a parking block apparatus, such as may be found in vehicles with 
automatic transmissions, may be allowed. 
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Reference numerals 



1 planetary transmission 

2 component, affixed to transmission housing, hence immobile 

3 transmission input shaft 

4 transmission output shaft 

5 synchronizer ring 

6 cone 

7 blocking toothing for synchronizer ring 

8 shifting collar 

9 connection shaft 

10 cone opposing shifting element f 

1 1 blocking toothing for the shifting element f 
12A, B toothing 

1 3 additional synchronizer ring 

14 additional shifting collar 
15A, B opposing cone surface 
16A, B opposing cone surface 
17 blocking toothing 

18A, B blocking toothing 
A, B1.B2, C, 

D, E1 , E2, F shape fit shifting element 

eta efficiency of planetary transmission 

F1 half-clutch of the shifting element f 
HR1, HR2, HR3, 

HR4, HR23 internal gears 

l_ges total ratio 

K1 1 half-clutch of the first frictional shifting element 

phi stage to stage spring 

K1, K2, frictional shifting elements 
P1, P2, P3, P4, P23 planetary gear sets 
PR1, PR2, PR3, 

PR4, PR23 planetary gears 

"R", "R1 "R2" reverse gears 



r 
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S1.S2, S3, S4 sun gears 

SR1, ST2, ST3, ST4 shafts 
"1"to"8" gear stages 



